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Abstract 
Purpose: To determine the impact of contact lens wear on Langerhans cell density 
(LCD) in the central cornea over an 8 h period. 
Methods: Ten participants wore a hydrogel lens in one eye (the experimental 
eye) for 8 h. The contralateral non-lens-wearing eye served as a control. The 
central cornea of each eye was examined at the level of the subbasal nerve 
plexus using a laser scanning corneal confocal microscope, at baseline (prior to 
lens wear), then every 2 h for 8 h.  
Results: At baseline, LCD was 18 ± 19 and 20 ± 19 cells/mm2 in the experimental 
and control eyes, Langerhans cells respectively. In the experimental eye, LCD 
increased to 36 ± 32 cells/mm after 2 h and then decreased Laser scanning 
confocal microscopy gradually to 30 ± 31 cells/mm2 after 6 h. LCD was greater in 
the experimental eye than the control eye at the 2, 4, 6 and 8 h time points (p < 
0.05). LCD remained constant in the control eye throughout the 8 h experiment. 
Conclusions: LCD increases two-fold within the ﬁrst 2 h of lens wear, indicating a 
rapid, sub-clinical inﬂammatory response to uncomplicated lens wear.  
Introduction 
Langerhans cells constitute a major component of the ocular surface defence 
system. The appearance of these cells in the cornea has been described in the 
literature since the earliest microscopic examinations of the ocular surface [1]. 
Anterior eye disease results in activation of Langerhans cells in the cornea and 
conjunctiva as part of the immune process [2]. 
The laser scanning confocal microscope (LSCM) allows the observation of 
Langerhans cells in the cornea [3–5] and conjunctiva [6] as a result of contact 
lens wear, thus providing a signal for directly assessing subclinical and overt 
inﬂammatory responses to lens wear. In a cross-sectional study, Zhivov et al. [3] 
observed a greater number of Langerhans cells in the cornea of contact lens 
wearers versus non-wearers. Sindt et al. [4] noted signiﬁcant differences in 
Langerhans cell density (LCD) in the cornea in response to various combinations of 
contact lenses and contact lens care systems. 
Little is known of the time course of Langerhans cell recruitment into the cornea 
in response to contact lens wear. Characterising this phenomenon is essential 
for developing agreater understanding of the inﬂammatory response to lens wear 
and for reconciling this mechanism against observed clinical signs and symptoms. 
The aim of this study was to determine the time course of change in Langerhans 
cell density in the cornea over an initial 8 h period of contact lens wear. 
Methods 
This was a prospective, controlled, observed-masked, random- ised, non-dispensing 
evaluation of LCD in 10 participants who wore a contact lens in one eye while the 
contralateral eye served as a control. LCD was assessed in both eyes every 2 h for 8 
h. 
Participants 
Ten healthy participants recruited from students and staff of the Queensland 
University of Technology (aged 30 ± 5 years, range, 23–39 years) provided written 
informed consent before inclusion in the study. The study was conducted in 
accordance with the principles of the Declaration of Helsinki and the 
Queensland University of Technology Human Research Ethics Committee 
provided ethics clearance. 
Individuals with a history of corneal surgery or trauma, diabetes, blood pressure 
instability, current or long-term topical ocular medication, a history of contact lens 
wear for six months prior to the ﬁrst examination, being pregnant or 
breastfeeding, taking oral contraceptives, or with symptoms of dry eye, were 
excluded. A slit-lamp examination of the anterior ocular surface was performed 
before the study commenced to conﬁrm the absence of any pathology. 
Experimental protocol 
At baseline, the following procedure was performed on each study participant. 
Prior to lens wear, images of the central cornea were captured using a LSCM (see 
details below). A lens was inserted into the eye preferred by the participant. At 
each subsequent 2 h time point over the next 8 h, the contact lens was removed 
from the test eye immediately prior to assessment of Langerhans cell density in both 
eyes using a LSCM (see below). A new contact lens of the same power (either -0.25 
D or +0.50 D) was inserted immediately following measurement. The reason for 
inserting a new lens each time was to avoid contamination issues that could arise 
with reusing lenses. We estimate that on each measurement occasion, the lens 
was out of the eye for 5–10 min.; thus, the total period of actual lens wear over the 
8 h elapsed time frame of the experiment was between 7 h 30 min and 7 h 45 min. 
Contact lenses 
All participants were ﬁtted in one eye with a ‘Biomedics1 1 day Extra’ daily disposable 
soft contact lens (CooperVision, Pleasanton CA). A hydrogel lens was used in this 
experiment (the choice of brand was arbitrary) as this lens category will impart 
greater physiological stress, at least in terms of hypoxia, than a silicone hydrogel 
lens [7]. The Biomedics1 1 day Extra lenses are made from the hydrogel material 
‘ocuﬁlcon D’. These lenses had a water content of 55%, diameter 14.2 mm, base curve 
8.6 or 8.8 mm, centre thickness  (at  -3.00D)  0.07 mm,   oxygen   permeability   (Dk) 
19 x 10-11 cm2  mlO2/s ml  mmHg,  oxygen  transmissibility  (Dk/t; at -3.00 D) 27 x 10-
9 cm mlO2/s ml mmHg and light blue handling tint. 
Laser scanning confocal microscopy 
The cornea was examined using a Heidelberg LSCM (HRT3) in combination with a 
Rostock Corneal Module (Heidelberg Engi- neering GmbH, Heidelberg, Germany). A 
new disposable Perspex cap (TomocapTM) was used for each participant. The 
TomocapTM  was ﬁlled with GenTeal Gel (Novartis Pharmaceuticals Australia Pty 
Limited, North Ryde, NSW, Australia) prior to attachment to the Rostock Corneal 
Module in order to facilitate optical coupling between the objective lens and the 
back surface of the TomocapTM. An anaesthetic drop (0.4% oxybuprocaine 
hydrochloride; Chauvin Pharmaceuticals Ltd, UK) was instilled prior to examination. 
The cornea was scanned with the head of the participant securely positioned in the 
chin and  brow  rest. The  face  of the TomocapTM was brought into gentle contact 
with the central region of the cornea. When capturing images, the participant was 
advised to ﬁxate on a target located directly in front of the contralateral eye. Accurate 
positioning of the TomocapTM on the central region of the cornea was facilitated by a 
side-mounted CCD camera that transfers a magniﬁed and real-time image onto a 
computer display screen. The TomocapTM was moved slightly in a vertical and a 
horizontal movement with the instrument controls, within a region of about 1 mm2, 
so as to sample LCD in the central corneal region. The LSCM was focused at the level 
of the subbasal nerve 
plexus, approximately 60 mm from the epithelial surface, which is the known 
location of Langerhans cells in the cornea. 
Image analysis 
Approximately 100 digital images were captured during each examination. A pilot 
study revealed that the analysis of 5 images from the cornea provided a 
repeatability for determining LCD of a standard deviation of ±8 cells/mm2 and an 
intra-class correlation coefﬁcient of 0.95. The ﬁrst ﬁve high-quality images that 
were overlapping <20% were selected for analysis from a randomised listing 
(generated with the assistance of a random number generator) of the 
approximately 100 images captured on each measurement occasion. 
The number of Langerhans cells was counted using the in-built general-utility manual 
counting tool of the Heidelberg instrument. This facility allows elements identiﬁed in 
the image as Langerhans cells, based on their distinctive morphological appearance, 
to be tagged and automatically counted. Data were expressed LCD, which is the 
mean of the number of cells per square millimetre observed in the images. The ‘L-
Method’ was used to select which cells were included in the count, whereby those 
cells partially cut off at the superior and right hand borders of the ﬁeld were included 
in the count. The mean LCD of the 5 images analysed at each measurement 
occasion was taken  as  the  LCD.  The operator undertaking image  selection  and  
analysis  was  masked  with respect to the assigned group of participants (i.e. 
lens wearers or controls). 
 
Fig. 1. Langerhans cells (thin arrows) imaged at the level of the subbasal nerve 
plexus of the cornea of a participant (a) at baseline (before lens wear) and (b) 
after 2 h lens wear. Nerve ﬁbres (thick arrows) traverse each image. 
A slit-lamp biomicroscopy examination was performed after each 2 h time point to 
verify that the integrity of the ocular surface had not been compromised during the 
study. 
Statistical approach 
The difference in LCD between experimental and control eyes caused by short-term 
contact lens wear was evaluated using  a mixed model analysis. A supplementary 
mixed  model  analysis was undertaken to analyse differences in LCD values between 
the 2 h subsequent time points. A p-value of less than 0.05 was considered 
statistically signiﬁcant. The data were analysed using IBM SPSS Statistics for Windows, 
Version 21.0 (IBM Corp. Armonk, NY, USA). 
Results 
Fig. 1 shows images of Langerhans cells in the corneal centre of the experimental eye 
of one participant at baseline (prior to lens wear) and after 2 h contact lens wear. 
The time course of change in LCD in the experimental and control eyes over 8 h is 
shown in Fig. 2. The mean LCD for the control eyes did not alter signiﬁcantly through 
the 8 h time span of the experiment. At baseline there was no statistically signiﬁcant 
difference in LCD between experimental and control eyes. In the experimental eyes, 
LCD increased from 18 ± 19 cells/mm2 at baseline to 36 ± 32 cells/mm2 after 2 h (p < 
0.001). LCD in the experimental eye was greater than that in the control eye at 2 h 
(p = 0.004), 4 h (p = 0.024), 6 h (p = 0.020) and 8 h (p = 0.042). After the initial increase 
at the 2 h time point, LCD in the experimental eye decreased gradually over the 
next 6 h, from 36 ± 32 cells/mm2 at the 2 h time point to 30 ± 31 cells/mm2 at the 8 
h time point (p = 0.045). The interaction between the groups (eyes) and time was 
signiﬁcant (p = 0.020); that is, the experimental eye and the control eye behave 
differently over time. A post-hoc power analysis conducted in respect of the size 
effect observed at the 2 h time point revealed that, for a 1-sided test and a = 0.05, 
80% power was achieved with our sample size of 10 subjects per group. 
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Fig. 2. Langerhans cell density of experimental (lens wearing) and control eyes 
over 8 h. Error bars indicate mean ± standard error. The mean LCD value is 
indicated adjacent to each data point. 
Discussion 
This study aimed to determine the short-term time course of LCD changes as a result 
of contact lens wear. LCD increased two-fold during the ﬁrst 2 h of lens wear and 
decreased over the next 6 h. 
Langerhans cells are observed in the skin, mucous membranes including the ocular 
surface, lymph nodes and spleen. Although our understanding of the precise role 
and Langerhans cells is evolving [8], they are now known to be major 
histocompatibility complex class II (murine Ia)-expressing bone marrow-derived 
epidermal dendritic cells [9]. The cardinal properties of dendritic cells include their 
ability to migrate selectively through tissues; take up, process, and present 
antigen; and stimulate and direct T lymphocyte-dependent responses. They are 
comprised of a heterogeneous group of ‘professional’ bone marrow-derived 
antigen-presenting cells, which include members of different lineages and states of 
maturation [9]. Immature dendritic cells are characterized by a high capacity for 
antigen capture and processing but a low T cell-stimulatory capability. The 
immature dendritic cells have a low-to-negligible amount of major 
histocompatibility complex class II expression and lack the requisite accessory signals 
for T cell activation. Maturation of dendritic cells renders them to be poor in 
antigen capture but potent in T cell stimulation [9]. Activation of Langerhans cells 
is an early and sensitive measure of an impending inﬂammatory process. 
Because, as explained above, Langerhans cells are a subset of a broad category of 
cells known as dendritic cells, the observation of cells of a dendritic nature observed 
on the ocular surface with the LSCM may not all necessarily be Langerhans cells. 
Evidence in the literature suggests that there is a direct correlation between LSCM 
and immunohistochemistry observations of dendritic cells in the cornea [10]. The 
expression of Langerhans cell-speciﬁc surface markers by dendritic cells in the 
corneal and limbal epithelium has also been reported [11,12]. In view of this strong 
presumption that dendritic cells observed in the cornea using LSCM are Langerhans 
cells, we have adopted this term in the present study. 
Cross-sectional studies have found Langerhans cells to be upregulated in the cornea 
during contact lens wear [3,4]. Zhivov et al. [3] reported that Langerhans cells could 
be observed in the cornea of 59% of contact lens wearers and 33% of non-lens wearing 
controls. In those with Langerhans cells, LCD of the central cornea was found to be 78 
cells/mm2 in lens wearers versus 34 cells/mm2 in non-lens wearing control subjects.  
 
The generally lower values of LCD reported in this study compared to the values 
reported by Zhivov et al. [3] could be attributed to the inclusion of all eyes in our 
analysis; Zhivov et al. [3] excluded data from eyes that did not exhibit any 
Langerhans cells, whereas we included data from all eyes, irrespective of whether 
or not Langerhans cells were observed. 
Sindt et al. [4] reported mean LCD to be signiﬁcantly higher in 53 contact lens 
wearers (64 cells/mm2) compared with 10 non-lens wearing controls (29 cells/mm2). 
These reported values of LCD are generally commensurate with those reported in 
our study. 
The observation in this study of Langerhans cells in the normal cornea is in 
agreement with previous studies [3,13–17], but contradicts earlier claims of Suzuki 
et al. [2] and Gillette et al. [18], that the normal cornea lacks Langerhans cells. 
The current study reports, for the ﬁrst time, in vivo LSCM observations of an 
apparent increase in LCD in the central corneal during the ﬁrst 8 h of contact lens 
wear. This increase is presumed to occur as a result of migration of Langerhans 
cells into the imaging ﬁeld; however, the apparent increase in LCD could also be 
occurring as a result of a change in the morphology of Langerhans cells, which are 
known to develop longer dendrites upon maturation, once they have come into 
contact with a presentable antigen [9]. These cells, which may have been too 
small to be resolved in their immature state, could perhaps be more visible after 
transforming into their enlarged mature state, resulting in a higher measured LCD. 
Contact lens wear is demonstrated to have a rapid effect on LCD in the short-term, 
peaking within the ﬁrst 2 h of lens wear. This ﬁnding suggests that uncomplicated 
contact lens wear is associated an immediate sub-clinical inﬂammatory response. 
Various hypotheses can be advanced to explain the gradual reduction in LCD for 
a further 6 h following the initial peak response at 2 h. Since activated 
Langerhans cell will migrate to secondary lymphoid tissue to perform antigen 
presentation [9], the apparent fall in numbers after 2 h could be explained by 
migration of activated cells away from central cornea on their journey to present 
antigens to T cells. 
Alternatively, this post–2 h decline in LCD could represent some 
form of short term adaptation to the physical presence of the lens. It is a well-
known clinical phenomenon that when a soft contact lens is inserted into the eye, 
there is a mild sensation of a foreign body in the eye, which quickly dissipates [19]. 
We do not know the time course of the increase of LCD within the ﬁrst 2 h of lens 
wear. If, for example, this initial rise in LCD were to occur within the ﬁrst 10 min 
following lens insertion, then the time course of LCD would parallel the clinically-
observed time course of initial sensation and rapid adaptation. Further studies of the 
change in LCD over the ﬁrst 2 h of lens wear would be required to conﬁrm this. 
Limitations of this study include: potential misidentiﬁcation of elements in the image 
as Langerhans cells; potential bias as a result of the pseudo-randomisation method 
for selecting which eye of the participant was to wear the contact lens; the 
operator performing LSCM – although masked when selecting and analysing 
Images – was not masked when capturing the images during the experiment; and 
the failure to determine the time course of change in LCD within the ﬁrst 2 h of 
lens wear. 
The strengths of this study are that experiment was conducted on a carefully 
characterized cohort in the absence of any diseases or factors that may upregulate 
inﬂammatory cells. All participants wore the same daily disposable lens type for the 
same length of time, thus excluding variances in these factors as possible 
confounders. 
In conclusion, this study provides important new data regarding LCD in the cornea 
of contact lens wearers during the initial few hours of contact lens wear. 
Speciﬁcally, this study demonstrated that Langerhans cells increase rapidly, 
approximately two-fold, during the 8 h following lens insertion, suggest- ing a sub-
clinical inﬂammatory reaction to lens wear. LCD then gradually decreases over the 
next 6 h, which could represent some form of short-term physiological adaptation 
following the initial foreign body sensation of a lens in the eye. These ﬁndings 
provide valuable insights into the short-tern physiological response to contact 
lens wear, and signal the potential for LCD measurement to serve as a marker for 
investigating these effects. 
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